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Chemical context
Quaternary phosphonium salts are very attractive compounds possessing widespread applications in synthetic organic chemistry and have played various important roles as stoichiometric reagents, phase-transfer reagents, reactive intermediates, ionic liquids, building blocks for supramolecular assemblies and catalysts (Werner, 2009 ). In particular, P,P,Ptriaryl-P-aminophosphonium salts bearing a primary amino group are isolable intermediates in the Horner & Oediger (1959) synthesis of iminophosphoranes. The title phosphonium compound was used to synthesize new chiral iminophosphorane complexes in view of its catalytic application for organic transformations including olefin-CO copolymerization (Tardif et al., 1998) and enantioselective copper-catalysed cyclopropanation (Reetz & Bohres, 1998) , but its crystal structure had not been determined.
Structural commentary
The cation is situated on a crystallographic twofold rotation axis (Fig. 1) . The 1,2-diaminocyclohexane fragment has a chair conformation with N atoms in a transoid conformation [N1-C19-C19
i -N1 i = 163.4 (2) ; symmetry code: (i) Àx + 1, y, Àz + the N-P-C angles in the range 109.47 (12)-111.00 (12) . The N-P distance is 1.623 (2) Å .
Supramolecular features
The Br anion is an acceptor of four hydrogen bonds, three of which are donated by phenyl and amine groups of the trans-1,2-diamino(N,N 0 -ditriphenylphosphonio)cyclohexane molecule and the last is donated by the solvent dichloromethane molecule (Table 1 ). In the hydrogen-bond pattern, the graphset motif R 2 4 (22) involving atoms (-C19-N1-H1Á Á Á Br1Á Á ÁH5-C5-C6-C1-P1-N1-C19-) 2 can be distinguished (Fig. 2) . The R 2 4 (22) pattern generates a supramolecular chain running along the c axis. The dichloromethane molecule is also linked to the chain via C-HÁ Á Á and C-HÁ Á ÁBr interactions ( Fig. 3 and Table 1 ).
Database survey
A search of the Cambridge Structural Database (Version 5.37; Groom & Allen, 2014) revealed the existence of 33 deposited phosphonium structures of general formula [R 3 PNHR 0 ] + , where R and R 0 are either aryl or alkyl groups. Amongst those, only two structures are polycationic: MELCIQ (Alajarín et al., 2006) is tricationic with a tricyclic structure and trifluoroacetate counter-ions, and WERROB (Demange et al., 2006 ) is dicationic and contains bromide counter-ions. All the remaining structures are monocationic and only four of them contain a bromide counter-ion: ECUJOC , NEPZUF (Martínez de Leó n et al., 2013), ZOFYAU and ZOFYEY (Imrie et al., 1995) . For all the reported compounds, the P-N bond distances assume a partial double-bond character with values falling within the narrow range of 1.60-1.66 Å , regardless of the counter-ion and substituents on both N and P. The N-P distance of the title compound [1.623 (2) Å ] agrees with these values. In addition, the P-N-C angle in the present compound [126.9 (2) ] indicates a planar sp 2 geometry for the N atom, and falls within the range of [120] [121] [122] [123] [124] [125] [126] [127] [128] [129] [130] [131] [132] [133] reported for all related phosphonium structures.
Synthesis and crystallization
Under an N 2 atmosphere, a solution of 3.07 g of Br 2 in 5 ml of CH 2 Cl 2 was added dropwise under stirring at 273 K, to a solution of Ph 3 P (5.04 g, 19.24 mmol) in 100 ml of the same solvent. After four h of stirring at room temperature and the formation of white precipitate, a mixture of half an equivalent of (AE)-trans-1,2-diaminocyclohexane (1.09 g, 9.62 mmol) and one equivalent of triethylamine (2.68 ml, 19.24 mmol) in 10 ml of CH 2 Cl 2 was added dropwise under stirring at 273 K. The suspension was left under continuous stirring for 12 h at room temperature. Then the reactant was extracted twice with 25 ml of distilled water, and the organic phase was dried over MgSO 4 . All volatiles were eliminated under vacuum, and the resulting light-yellow solid was stirred with Et 2 O overnight. After filtration, 6.0 g of the title compound was obtained as a white powder (yield 93%, m.p. 563 K). Single crystals suitable for X-ray diffraction were grown by slow evaporation of a dichloromethane solution at room temperature. Table 1 Hydrogen-bond geometry (Å , ).
Cg is the centroid of the C7-C12 ring. 
Figure 2 
Refinement
Crystal data, data collection and structure refinement details are summarized in Table 2 . The N-bound H atom was located in a difference Fourier map and its coordinates were refined with a distance restraint of N-H = 0.86 (1) Å with U iso (H) = 1.2U eq (N). Other H atoms were positioned geometrically (C-H = 0.93 or 0.97 Å ) and constrained using the riding-model approximation with U iso (H) = 1.2U eq (C). 
